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(57) ABSTRACT

An adjustable damping valve has a valve housing in which is
arranged a coil housing and an annular back-iron member
which are connected in a magnetically conducting manner to
a valve armature. The back-iron member radially penetrates
the coil housing via a plurality of windows and has flattened
portions at the edge. The at least one window in the coil
housing has a width corresponding at least to the width of'the
back-iron member in at least one assembly position so that the
back-iron member can be inserted radially into the coil hous-
ing via the at least one window.

11 Claims, 7 Drawing Sheets
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1
ADJUSTABLE DAMPING VALVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is directed to an adjustable damping valve
having an actuator including a back-iron member and a hous-
ing with at least one window.

2. Description of the Related Art

DE 10 2009 059 808 A1 describes an adjustable damping
valve whose actuator is optimized as regards producibilty. A
core idea consists in the use of a solid, disk-shaped interfer-
ence body or back-iron member which is overmolded in the
production process. However, the solid constructional form
limits the choice of material for the back-iron member. Fur-
ther, burrs must be removed in a time-consuming fashion.

According to DE 10 2009 059 808 Al, a coil housing is
produced by injection molding and comprises a coil recep-
tacle with a base. The coil housing has radial windows by
which the back-iron member communicates conductively
with the inner wall of a valve housing. The back-iron member
is enclosed by the wall of the coil housing so as to be axially
and radially fixed.

The coil is sealed by means of two O-rings at the front ends
and a surrounding O-ring at a cylindrical outer surface of the
coil housing. The O-rings at the front ends in particular could
slip out of their predetermined installation position during
assembly and thwart an optimal sealing function thereof.

SUMMARY OF THE INVENTION

It is an object of the present invention to further optimize
the adjustable damping valve with regard to the producibilty
thereof.

According to the invention, this object is met in that the at
least one window in the coil housing has a width correspond-
ing at least to the width of the back-iron member in at least one
assembly position so that the back-iron member can be
inserted radially into the coil housing via the at least one
window.

The great advantage of the invention consists in that the
back-iron member can be assembled after the completion of
the coil housing. Therefore, the back-iron member is also not
exposed to any mechanical or thermal stresses during the
process of assembly. Further, the back-iron member need not
be positioned in relation to the coil during the overmolding
process for the coil. The production of the coil and the posi-
tioning of the back-iron member are separate assembly steps.

In a further advantageous embodiment, the coil housing
has a guide path for receiving the back-iron member. The
back-iron member is inserted at the window that is provided
in the coil housing for assembly and slides along the guide
path into the final assembly position. Accordingly, the assem-
bling movement can easily be automated.

According to a further advantageous embodiment, the win-
dow for assembling the back-iron member is wider than an at
least second window. Consequently, the back-iron member
cannot unintentionally be pushed past the predetermined
position during assembly.

In addition, it can be provided that the back-iron member
has at least one assembly stop. The stop for the back-iron
member, regardless of its specific embodiment, advanta-
geously presents a contact surface which reduces the mag-
netic resistance within the magnetic flux.

The back-iron member closes the window in the coil body
in the final assembly position in order to achieve the best
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2

possible magnetic flux within the valve housing on the one
hand and to prevent penetration of foreign matter on the other
hand.

The back-iron member has two mirror-image stops at its
circumferential contour so that the back-iron member can be
mounted either way in the coil housing.

In yet a further embodiment, it is provided that the con-
structional unit of the coil housing has sealing elements
which are molded thereon and which contact the valve hous-
ing. In contrast to the prior art cited above, three O-rings are
eliminated without impairing sealing quality.

It is further provided that the seal elements position the
constructional unit within the valve housing. The positioning
function extends in the longitudinal direction but also in the
center axis of the valve housing. Apart from the sealing func-
tion and positioning function, the sealing elements also have
a heat compensation function.

The idea of the molded-on sealing elements also permits
the windows to have a surrounding sealing strip. Accordingly,
a seal can be provided where it has an especially important
function and not merely where there is available installation
space for a typical O-ring.

Another embodiment which can be combined with the two
embodiments mentioned above consists in that the back-iron
member is formed by laminated sheet metal members.

In this way, materials which were not available previously
for the one-piece design or which were very difficult to
machine can be used for the back-iron member.

To achieve a manageable constructional unit in spite of the
laminated construction of the back-iron member, the lami-
nated sheet metal members are connected to one another by
stamp stacking.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are designed
solely for purposes of illustration and not as a definition of the
limits of the invention, for which reference should be made to
the appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually
illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully described in conjunction
with the accompanying drawings in which:

FIG. 1 is a view of an adjustable damping valve in longi-
tudinal section;

FIG. 2 is a view of an adjustable damping valve in longi-
tudinal section;

FIG. 3 is a view of an adjustable damping valve in longi-
tudinal section also showing the coil wound on a coil carrier;

FIG. 3A is a further view of an adjustable damping valve in
longitudinal section;

FIG. 3B is a further view of an adjustable damping valve in
longitudinal section;

FIG. 3C is a view of a detail of FIG. 3A;

FIG. 3D is a view of another detail of FIG. 3A;

FIG. 3E is a view of yet another detail of FIG. 3A;

FIG. 3F is a view of a detail of FIG. 3B;

FIG. 4 is a view of a coil carrier in front elevation;

FIG. 5 is a view of a coil carrier in front elevation;

FIG. 6 is a plan view of a back-iron member;

FIG. 7 is a side view of a back-iron member;

FIG. 8 is a plan view of a back-iron member;

FIG. 9 is a side view of a back-iron member;
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FIG. 10 is a side view of the coil housing with back-iron
member; and

FIG. 11 is another side view of the coil housing with
back-iron member.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

FIGS. 1 and 2 show an adjustable damping valve 1 at a
hollow piston rod 3. The adjustable damping valve 1 has an
actuator in a valve housing 5, which actuator includes a coil 7
exerting an actuating force on an axially movable valve arma-
ture 9 against the force of a valve spring 11. The mode of
operation of the adjustable damping valve is already well
known from DE 198 22 448 C2, the content of which is
incorporated herein by reference in its entirety.

The coil 7 is wound on a coil carrier 13 shown in FIG. 3.
The coil carrier 13 has a sleeve portion 15 having a slot or
groove for the winding of the coil. A base 17 having a trans-
verse opening 19 which completely penetrates the base 17
adjoins the sleeve portion 15 at one end. The transverse open-
ing 19 and an axial opening 21 are connected to one another
and intersect the principal axis 23 of the coil carrier 13.

When FIGS. 1 to 3B are viewed in conjunction, it will be
seen that the coil carrier 13 has radial grooves 25 for receiving
the coil wire. These grooves 25 are radially separated from the
transverse opening 19 of the coil carrier 13.

The base 17 of the coil carrier 13 further comprises an axial
opening 27 which passes into a circumferential groove 29; 31
on both top sides of the base 17 to allow convenient assembly
of a coil core 33 having a connection opening 35. The con-
nection opening 35, axial opening 27 and a connection chan-
nel 37 in the valve housing 5 connect a back valve space 39 to
a work space, not shown, on the piston rod side.

It will be seen from FIGS. 3A; 3B that the coil carrier 13
and the coil 7 are enclosed on the outer side by a cover layer
41 and accordingly form a coil housing 43. With respect to the
cover layer, the choice of material is basically between an
elastomer and a thermoplastic. For sealing the coil, the coil
carrier 13 has seal contours 43a-43d, FIGS. 3C-3E, which
take over the sealing function along with the cover layer 41.
The seal contours 43a-43d are arranged in the vicinity of
edges ofthe coil carrier 13. Thus a groove side wall 13a of the
coil carrier has a seal contour 43¢ on the radially outer side. At
least one seal contour 43a; 435 is also formed in the region of
the through-opening 19. Also, a second groove side wall 135
has at least one seal contour 434 on the outer side. The cover
layer 41 is applied by overmolding and completely seals the
coil 7. In so doing, the seal contours 43a-43d increase the
surface size so that the bond between the cover layer 41 and
coil carrier 13 is improved. In the assembly state shown in
FIGS. 3A and 3B, no damping medium could penetrate into
the coil 7. With a thermoplastic cover layer, the seal contours
43a-43d are fused on and the connection is accordingly addi-
tionally enlarged. The elastomer cover layer 43 is vulcanized
on the seal contours 43a-43d and forms a positive engage-
ment with the seal contours. This affords the advantage that a
compressive load on the cover layer 43 is also transmitted to
the seal contours 43a-43d which are accordingly pre-loaded
to a greater extent and accordingly have an improved sealing
function.

Seal elements 51a; 515, 51c¢, 51d are molded to the front
sides 45; 47 and to the ends of an outer lateral surface 49. The
seal elements 51a; 515; 51¢; 51d are made from the same base
material as the cover layer 41. Additional seals, e.g., O-rings,
are not needed.
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The front seal elements 51a, 515, FIGS. 3E-3F, fix the coil
7 axially inside the valve housing 5 (FIG. 1). The seal ele-
ments 51c¢, 51d at the outer lateral surface 49 serve in turn for
radial positioning of the coil housing 43 inside the valve
housing 5.

The coil housing 43 has a further seal element 51 e which
seals the coil housing relative to the hollow piston rod 3.

FIGS. 4 and 5 show two front elevations of the coil housing
43 with the seal elements 51 as a constructional unit. The coil
housing 43 has a different width at the ends of the transverse
opening 19 by two opposed windows 53; 55. The two
opposed windows could also have the same width in prin-
ciple. A back-iron member 57 shown in FIGS. 6 to 9 can be
inserted into the larger of the two windows 53. When the two
opposed windows 53; 55 have the same width in circumfer-
ential direction of the coil housing 43, the back-iron member
57 has parallel chord-shaped flattened portions. In the present
illustration, the back-iron member 57 has two assembly stops
59 which are formed in a mirror-inverted manner at its cir-
cumferential contour. A recess is provided at the edge on both
sides to form the assembly stops 59 resulting in two parallel
flattened portions 61 with stops 59 at the ends thereof. The
flattened portions 61 slide on parallel guide paths 63; 65 (FIG.
3) in the transverse opening 19 of the coil housing 43 and
accordingly form a receptacle for the back-iron member 57.
An unambiguous assembly direction and assembly move-
ment are achieved by means of the guide paths 63; 65 in
conjunction with the flattened portions 61. The assembly
stops 59 which contact axial window edges 67 define the final
assembly position of the back-iron member 57 in the coil
housing 43. When the coil core 33 is mounted in a receiving
opening 69, a further displacing movement of the back-iron
member 57 is blocked independently from the action of the
assembly stops 59.

In FIGS. 6 and 7, the back-iron member 57 is formed as a
solid structural component part. However, an embodiment
according to FIGS. 8 and 9 in which the back-iron member 57
is formed by laminated sheet metal members 71 is preferred.
These sheet metal elements 71 can be assembled as a stack of
laminations to form a constructional unit.

FIGS. 10 and 11 show the back-iron member 57 which can
be inserted radially into the coil housing 43 via at least one
window 53. It will be seen that the back-iron member 57
closes the window 53; 55 in the coil housing in the final
assembly position and, therefore, also completely penetrates
the coil housing up to the lateral surface 49. The windows 53;
55 can have surrounding sealing strips 73.

Thus, while there have shown and described and pointed
out fundamental novel features of the invention as applied to
a preferred embodiment thereof, it will be understood that
various omissions and substitutions and changes in the form
and details of the devices illustrated, and in their operation,
may be made by those skilled in the art without departing
from the spirit of the invention. For example, it is expressly
intended that all combinations of those elements and/or
method steps which perform substantially the same function
in substantially the same way to achieve the same results are
within the scope of the invention. Moreover, it should be
recognized that structures and/or elements and/or method
steps shown and/or described in connection with any dis-
closed form or embodiment of the invention may be incorpo-
rated in any other disclosed or described or suggested form or
embodiment as a general matter of design choice. It is the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.
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I claim:

1. An adjustable damping valve (1) comprising:

a valve housing (5);

a coil housing (43) having at least one window;

an annular back-iron member (57) having a width; said coil

housing and said back-iron member disposed in said
valve housing (5) about a centrally aligned axis; said
back-iron member (57) radially penetrating said coil
housing (43) via said at least one window (53; 55) and
comprising flattened edge portions (61); said at least one
window (53) in said coil housing (43) having a width
corresponding at least to said width of the back-iron
member (57) in at least one assembly position so that
said back-iron member (57) is insertable transverse to
said centrally aligned axis into said coil housing (43)
throuoh said at least one window (53).

2. The adjustable damping valve according to claim 1,
wherein said coil housing (43) comprises a guide path (63;
65) for receiving the back-iron member (57).

3. The adjustable damping valve according to claim 1,
wherein said at least one window (53) for inserting said
back-iron member (57) is wider than an at least second win-
dow (55).

4. The adjustable damping valve according to claim 1,
wherein said back-iron member (57) comprises at least one
assembly stop (59).
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5. The adjustable damping valve according to claim 1,
wherein said back-iron member (57) closes said window (53;
55) in said coil housing (43) in a final assembly position.

6. The adjustable damping valve according to claim 4,
wherein said back-iron member (59) has two mirror-image
stops (59) at its circumferential contour.

7. The adjustable damping valve according to claim 1,
additionally comprising a coil (7) and a coil carrier (13); and
wherein said coil (7), said back-iron member (57) and said
coil carrier (13) form a closed constructional unit which is
sealed inside said valve housing (5), and comprises molded-
on seal elements (51; 73) contacting said valve housing (5).

8. The adjustable damping valve according to claim 7,
wherein said seal elements (51a-51d) are constructed to posi-
tion said constructional unit within said valve housing (5).

9. The adjustable damping valve according to claim 7,
wherein said at least one window (53; 55) comprises a sur-
rounding sealing strip (73).

10. The adjustable damping valve according to claim 1,
wherein said back-iron member (57) is formed by laminated
sheet metal members (71).

11. The adjustable damping valve according to claim 10,
wherein said laminated sheet metal members (71) are con-
nected to one another by stamp stacking.

#* #* #* #* #*



